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STUDY  OF  THE  PROCESS  OP  FORMATION  OF  CARBON  BLACK 
PARTICLES  DURING  DECOMPOSITION  OF  HYDROCARBONS 

V.  F.  Surovikin  and  L.  S.  Kazakov 

Study  of  the  process  of  carbon  black  formation  during  the 
decomposition  of  hydrocarbons  in  gases  of  complete  combustion  has  great 
significance  for  the  chemical  processing  of  hydrocarbons  to  obtain 
highly  dispersed  carbon  black,  and  also  for  gas-mazut  heating  of  boilers 
and  Industrial  furnaces. 

Although -the  process  based  on  the  decomposition  of  hydrocarbon  raw 
material  in  complete-combustion  gases  is  finding  ever  broader  application 
in  the  production  of  carbon  black.  It  as  yet  has  not  been  adequately 
studied.  In  this  process  natural  gas  and  air  are  fed  tangentially  into 
a  combustion  chamber  at  an  excess  air  coefficient  a  =  1.2-1. 6,  and  the 
h'^drocarbon  raw  material,  atomized  by  compressed  air,  is  fed  axially 
f  ’om  the  front  end  of  the  reactor.  Mixing  of  the  f]ow  of  raw  material 
and  air  with  complete-combustion  gases  and  the  decomposition  of  hydro¬ 
carbons  with  the  formation  of  carbon  black  take  place  in  the  reaction 
channel.  In  this  process  the  Intensity  of  heating  and  mixing  of 
hydrocarbons  with  gases  is  of  great  significance.  Thus,  as  industrial 
competence  was  achieved  in  the  technology  of  preparing  carbon  black  la 
reactors  with  tangential  supply  of  natural  gas,  it  was  established  at 

the  Novo-Yaroslov,  Volgograd,  and  other  factories  that  carbon  black 
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vith  a  specific  surface  of  70-75  m  /g  is  obtained  stably  in  this 
process  at  a  temperature  of  1380-1^I00°C,  However,  any  further  increase 
in  temperature  does  not  lead  to  a  noticeable  increase  in  specifio 
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iiurf’ace,  and  with  a  significant  rise  in  temperature  the  yield  of  ca.  on 
black  drops  sharply.  This  is  probably  connected  with  inadequate 
intensity  of  the  mixing  processes. 

Solution  of  the  problem  of  rapid  mixing  of  hydrocarbons  with 
complete-combustion  gases  is  approached  in  various  ways,  which  in  turn 
is  1  he  result  of  the  great  number  of  different  designs  of  reactors. 
Var.ous  methods  which  are  known  Include  twisting  the  gas  flow  [1], 
breaking  up  the  flow  of  raw  material  into  a  number  of  individual  streams 
[2],  contraction  of  the  reaction  channel  at  the  point  of  raw  material 
input  [3]>  and  others. 


In  this  article  we  are  concerned  wlth'the  results  of  experiments 
on  the  process  oT  formation  of  carbon  black  in  an  experimental-industrial 
reactor  under  conditions  of  highly  intensive  mixing  of  the  hydrocarbon 
to  be  decomposed  with  complete-combustion  gases. 

Figure  1  shows  a  schematic  diagram  of  the  experimental-industrial 
reactor*.  The  reactor  consists  of  a  combustion  chamber,  a  nozzle,  and 
the  reaction  channel.  Gas  or  liquid  fuel  and  air  (excess  air  factor 
ft  =  1.03-1.5)  is  fed  to  the  combustion  chamber  from  the  front  face. 

The  products  of  complete  combustion  arrive  in  the  nozzle  at  a  temperature 
of  1100-1500°C  and  are  ejected  at  a  velocity  of  350-^00  m/s  into  the 
reaction  channel. 

Liquid  hydrocarbon  raw  material  is  supplied  to  the  nozzle;  the 
hydrocarbon  is  atomized  by  the  high-temperature  gas  flow  and  is  mixed 
with  it.  The  formation  of  carbon  black  proceeds  in  the  reaction 
channel,  at  tlie  end  of  which  the  reaction  gas  is  pulled  by  water  down 
to  a  temperature  of  700°C. 

A  preliminary  check  on  a  laboratory  Installation  with  a  raw 
.’.iteriaL  consumption  of  2.5  Kg/hour  showed  that  this  method  of  atomising 
the  hydrocarbon  raw  material  is  highly  effective  [<l,  5].  It  was 
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possible  to  ofc  ..ain  carbon  black  v/ith  a  specific  surface  of  70  m^/g 
from  green  oil  at  a  temperature  of  1280-i300°C,  which  indicates  a  high 
speed  of  mixing  processes  and  also  shows  that  the  process  of  carbon, 
black  formation  occurs  in  the  kinetic  region  (this  last  was  determined- 
by  special  experiments)  [6-3. 


Fig.  1.  Schematic  diagram  of  experimehtal-lndus trial  reactor. 

P.-  fuel;  CA  -  compressed  air  (6  atm);  SA  -  secondary  air 
(6.5  atm);.  RM  -  raw  material;  IrV  -  sections  of  the  reactor  in> 
which  samples  were  taken;  1  —  combustion  chamber;  2  nozzle,;, 

3. -r  reaction  chamber;  A  -  pneumatic  fuel  nozzle;  5  -  radial  tubes 
for  supply  of  raw  material;  6  -  nozzle  for  supplying  water  to  cool 
the  gases;  7  r-  insulation  and  refractory  linings;  8  -  platihum- 
platinrhqdium  thermocouple; 


The-  design,  of  .the  experimentalrindus trial  reactor  retained  the 
linear  velocity  ,6f  the  gas  in  the  nozzle,,  the  method  of  introducing 
the  raw  material  into  the  flow,  the  thermal  stress  of  the  combustion 
chamber  volume,  and  the  geometrical  shape  of  the  burner,  nozzle,  and 
reaction  chamber.  Since  it  was  established  earlier  that  the  formation 
of  carbon  black  particles  and  their  coagulation  and  coalescence  into 
chains  proceeds  in  the  initial  section  of  the  reaction  zones,  a  high 
gas  velocity  was  designed  only  for  this  section  of  the  zone;  the  velocity 
was  reduced  in  the  remaining  portion  of  the  reactor,  which  made  it 
possible  to  reduce  the  length  of  the  reactor.  The  results,  shown  in 
Table  1,  indicated  good  convergence  of  data  obtained  from  the 
experimental-lndustr:m  reactor  with  data  obtained  during  work  on  the 
laboratory  installation  [53* 
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Table  1.  Results  of  technological  experiments  and  calculation,  of 
the  magnitude  of  specific  surface  of  carbon  black  with  respect  to 

constants..  . _ .  _ .  -  _ !  ,  . 

I  ■  .... _ !  I  1 
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The  high  intensity  of  processes  of  mixing  and  heating  the  rkw 
material  leads  to  a  situation  in  which  the  rate  of  carbonfblack  particle 
formation  approaches  the  maximum  ;possi6le  rate  at  the'  giveh  temperature.. 

This  makes  it  possible  to;  obtain  carbon  black  with  a  specific  surface 

'  “'2'  "  ~ 

of  80^85  m  /g  With  a  yield  oh  the  raw  material  of  and  particles 

with  a  specific  surface  of  100-108  m^/g  with  a  yield  of  35-37?  oh  the 
raw  -material. 

Experiments  were  conducted  with  variable  .concentrations  of 
decomposing  hydrocarbons  in  the  reaction  gas  cand  with  different 
temperatures  ih  the  reaction  channel.  In  the  first  case  -the  flow  of 
gas  from  the  cbntoustioh  chamber  into  the  nozzle  was  maintained  constant  i 
while  the  flow  of  raw  material  was  varied  from  ^50  to  900  kg/hour.  In 
the  second  case  the  flow  of  raw  material  was  held  constant  at  600-650, 
kg/hqur  while  the  temperature  in  the  reaction  channel  was  varied^  by 
regulation  of  the  excess  air  coefficient  in  the  burner.  The 
experimental  results  are  shown  on  Figs,  2  and  3  and,  partially.,  in 
Table  1.  Ah  increase  in  the  supply  of  hydrocarbon  raw  material  to  the 
nozzle  leads  to  a  reduction  in  temperature'  ih  the  reaction  channel  from; 
1^15.0  to  1320^0,  and  also  to  a  drop  In  the  specific  surface  of'  the 
carbon  black  from'  120  to  52  m  /g.  :With.  variation-  of  -.the- temperature 
in  the  reaction  channel  while  the  flow  of  raw  material  is  maintained 
constant,  the  change  in  specific  surface  of  carbon  black  with 
temperature  is  considerably  less  sharp,  A  growth  in  specific  ^%»rface 
of  the  carbon  black  from  85  to  100  m  /g  is  observed  when  the  temperature 
is  changed  from  1380  to  1*)25°C, 

Thus.,  in  the  first  case  the  average  change  in  specific  surface 

2' 

with  temperature  comprises  0.62  m  /g  per  °C,  while  in  the  second  case 
2 

it  was  0.23  m  /g  per  °C.  Data  from  the  experiments  indicate  that  the 
magnitude  of  specific  surface  of  carbon  black  in  the  furnace  process 
is  determined  by  two  basic  factors:  temperature  and  the  concentration 
of  hydrocarbon  raw  material  In  the  reaction  zone. 

Experiments  were  conducted  to  study  the  transformation  of 
hydrocarbons  with  the  formation  of  carbon  black  along  the  length  of  the 
reaction  channel  according  to  a  procedure  developed  earlier  [il].  For 
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this  purpose  watercooled  gas  samplers  were  installed  In  various 
sections  of  the  reaction  channel,  as  shown  on  Pig.  1.  The  samples  of 
carbon  black  and  gas  which  were  drawn  off  Were  analyzed  by  known 
methods.  The  yield,  specific  surface,  and  oil  absorption  of  the  carboh 
black  and  the  composition  of  the  gas  were  determined  at,  each  sampling 
point;  the  VTl-2  gas.  analyzer  was  used.  The  concentration  of  water 
vapor  in  the  reaction  gas  was  determined  by  calculation  from  the 
hydrogen  arid  oxygen  balance.. 


Pig.  2  Fig,  3 

Pig.  2..  Dependence  pf  specific  surface  of  carbon' black  and 
process  temperature  on  flovi  v  tte  of  Hydrocarlion,.  .1  specific- 
surface  of  carbon  black;  -  pr  cess  temperature. 

Pig,  3«  Temperature  -dependence  of  specific;  surface  at  a  constant 
hydrocarbon  flow  rate. 

In  several  sections  samples  of  carbon  black  were  taken  at  the 
wall  of  the  reaction  chamber  and  also  along  its  axis.  The  specific 
surface  of  carbon  black  drawn  from  the  different  points  was  Identical. 
The  degree  to  which  hydrocarbon  decomposition  was  completed  was 
evaluated  according  to  the  optical  density  of  a  benzene  extract  of  the 
carbon  black. 


The  temperature  of  gases  in  different  sections  was  determined  by 
thermochemical  calculation  based  on  the  composition  of  the  gas,  with 
consideration  of  heat  losses  into  the  ambient  medium.  In  some  sections 
temperature  measurements  were  made  with  a  platinum-platinrhodium 
thermocouple  and  with  a  radiation  pyrometer.  The  nature  of  the  change 
in  temperature  and  in  gas  composition  along  the  length  of  the  reaction 


zone  is  shown  on-  Figs.  and  5*  Direct  measurement  was  not  possible 
in  the  zone  of  maximum  temperature,  owing  to  the  instantaneous 
destruction- of  the  thermocouple.  The  results  of  the  experiments  are 
shown  in  Table-  2. 


O 
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Fig.  =Calculated  curve  of  the  temperature  change  along  the 
length  of  the  reaction  channel. 


Fig.  5-  Kinetics  of  gas  formation  during  decomposition  of  green 
oil  in  the  reaction  zone.  A  -  carbon  dioxide;  t  -  carbon  monoxide 
■  —  hydrogen;  0  —  water  vapor. 

Sampling  of  carbon  black  along  the  length  of  the  reaction  channel 
showed  that  the  process  of  formation  and  growth  of  carbon  black 
particles  is  completed  in  the  industrial  reactor  with  a  contact  time 
of  2.')*10  s.  The  specific  surface  of  the  carbon  black  is  identical 
in  the  initial  and  final  sections  of  the  reaction  zone. 


Table  2.  Kinetics  of  carbon  black  formation,  and  of  t.ie  change  in 
the  gas  composition  in  the  reaction  zone  of  the  Industrial  reactor 
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The  magnitude  of  optical  density  of  a  benzene  extract  of  carbon 
black  shows  a  negligible  concentration  of  hydrocarbons  on  the  carbon 
black,  i.e.,  at  a  contact  time  of  2. 4*10”^  s  complete  decomposition 
of  hydrocarbons  takes  place.  Since  processes  of  diffusion  and  heat 
transfer  can  also  take  place  in  this  time,  it  is  evident  that  the 
time  of  the  actual  process  of  formation  and  growth  of  carbon  black 
particles  is  significantly  less  than  the  measured  time. 
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1  o  ontEct  time  In  the  reEction  zone  of  IndustrlEl  resetops  should 
be  IncreEsed  to  0.05-0.0?  s  End  more,  depending  on  the  type  of  carbon 
blEck  to  be  produced;  In  this  WEy  the  opticEl  density  of  the  benzene 
extrEct  is  held  within  the  limits  0.005-0.01,  Eccording  to  the 
requirements  of  the  user.  The  process  of  formEtion  End  growth  of  carbon 
black  particles  occupies  no  more  than  1-2J5  of  the  total  contact  time 
in  the  reaction  zone  of  an  industrial  reactor. 

Apparently,  under  the  considered  conditions  evaporation  of  a  drop 
of  hydrocarbon  raw  material  precedes  the  formation  of  carbon  black 
particles.  The  obtained  experimental  results  contradict  the  procedure 
for  calculating  reaction  zone  length  which  was  proposed  in  work  [10], 
where  the  stage  of  evaporation  of  drops  of  raw  material  is  taken  as 
the  base.  Thus,  with  a  contact  time  of  2.4*10”^  s  there  are  no  drops 
of  raw  material  in  the  reaction  zone,  and  only  the  optical  density  of 
the  benzene  extract  of  the  carbon  black  permits  detecting  a  small 
quantity  of  undecomposed  hydrocarbon  on  the  surface  of  carbon  black 
particles . 

The  experiments  showed  that  in  Industrial  reactors  the  formation 
of  carbon  black  during  decomposition  of  raw  materials  proceeds  at  a 
higher  temperature  than  that  which  is  usually  measured  at  the  end  of 
the  reaction  zone.  A  rapid  growth  in  temperature  is  observed  in  the 

a  , 

Initial  period.  However,  there  is  no  foundation  for  connect  ilTg  the 
rise  in  the  rate  of  carbon  black  particle  formation  with  a  certain 
growth  in  temperature  and  the  achievement  of  a  maximum,  since  special 
experiments  using  individual  hydrocarbons  [6]  having  a  large  induction 
period  showed  that,  despite  the  completion  of  oxidation  processes  long 
before  the  moment  of  carbon  black  formation,  the  character  of  the  kinetic 
curves  of  particle  formation  rate  is  Identical  in  all  cases. 

The  obtained  experimental  data  were  used  in  an  effort  to  calculate 
the  process  of  formation  of  carbon  black  particles  with  a  definite 
specific  surface  of  the  carbon  black  at  the  output  of  the  reactor 
according  to  the  given  parameters  of  the  technological  process.  The 
e  sence  of  the  proposed  calculation  metl^od  Is  as  follows.  Given  fiow 
r  tes  of  fuel,  air,  and  raw  material,  and  also  given  temperature  in 


the  reaction  zone  and  composition  of  reaction  gases  are  used  to 

p 

determine  the  total  volume  of  reaction  gas  V  .  The  concentration  in 
the  reaction  gas  of  carbon  formed  as  carbon  black  particles  Is  determined 
from  the  following  equation: 


“■  ►'lOS  ’ 

c  ^ 

where  C  is  the  concentration  of  carbon  in  the  reaction  gas  in  g/cm  ; 

(1  is  the  flow  rate . of  raw  material,  kg/h;  n  Is  the  yield  of  carbon 

black  in  %;  V  is  the  volume  of  reaction  gas,  m^/h. 


In  order  to  determine  the  concentration  of  carbon  black  particles 
in  the  reaction  gas,  it  Is  possible  to  apply  the  equation  developed 
by  N.  N.  Semenov  [8]  for  branched  chain  processes  with  quadratic  breaks 

j 

i  in  the  chain; 

_ ‘iXfl  (c*^«*-l) _ *2) 

where  n  is  the  concentration  of  carbon  black  particles  at  moment  of 
I  time  t,  no./cm^;  nQ,  (f  -  g),  and  are  constants  of  equation  (2); 

(  t  !:■  the  time  of  contact  of  the  hydrocarbon  in  the  reaction  zone  in 
Vsect .nds . 


At  large  t,  formula  (2)  is  simplified  and  takes  the  form 

- - .  (3) 

The  specific  surface  of  the  carbon  black  was  determined  at  the 
moment  of  exit  of  reaction  products  from  the  reaction  zone.  Therefore 
It  is,  considered  that  the  final  concentration  of  carbon  black  particles 
which  was  found  according  to  equation  (2)  at  t  »  0.07  s  Is  equal  to 
the  time  of  contact  of  the  hydro-carbon  in  the  reactor. 


For  the  calculations  we  used  the  constants  n^,  (f  -  g) ,  and 
dt'terrnlned  earlier  [h,  9]  on  a  laboratory  Installation  for  green  oil, 
Intot'po  lated  values,  of  t.hese  oons,t.ants  were  used  only  within  the 
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invest  l^ted  tensp^patare  Interval  c-f  A.:U5~ijt*0'^C.  An  attempt  fc<s 
extrapolate  tiie  vaJyea  of  these  ecniitanta  to  the  t-e^iperatupe  iates*¥al 
1360-12*10  tKlcJ  din  not  yield  satlafacfcory  re«uit». 


Knowing  the  eoncentrafeion  of  carbon  In  the  reaepion  gas  JC^^J  anl 
the  nuriser  of  gartiolea  {n)j  ve  will  deterr+lne  tlie  weight  of  an  average 
partlele  in  ^rasa: 


^av 


and  the  volaroe  of  an  average  particle: 


Y 


av 


where  p  la  the  true  density  of  a  carbon  black  particle  fwe  take 

P  ®  1.87  g/C'fl^). 


The  average  diameter  of  carbon  black  parci>3les  ansi  the  spe^clftc 
surface  are  determined  according  to  known  formulas: 


A 


CM 


f  5- IS.' 


moon  . 


where  d„„  .  is  the  average  diameter  of  a  particle  in  A. 

aV  H 


The  results  of  calculations  by  this  procedure  are  sh'  Wn  in  r.ii  U-  i . 
The  calculation  demonstrates  that  the  maximum  diverrenc  •  of  vaije.  of 
specific  surface  for  carbon  black  obtained  experimentally  and  dt>t«rmlned 
by  calculation  does  not  exceed  20%.  The  application  of  the  constants 
obtained  In  laboratory  conditions  to  calculate  the  industrial  process 
in  conditions  of  different  concentrations  (by  the  Semenov  equations) 
gives  good  agreement  with  experimental  data  in  terras  of  the  specific 
surface  of  the  carbon  black.  This  indicates  that  the  process  of 
formation  of  carbon  black  particles  in  the  industrial  reactor  Is 
described  well  by  the  Semenov  equations  for  a  branched  process  with 
quadratic  breaks  in  the  chain,  and  that  these  equations  can  be  used 
with  an  adequate  level  of  accuracy  for  calculating  Industrial  proce;  s>;s 
for  manufacturing  carbon  black. 


In  the  experiments  It  was  noticed  that  the  concentration  of 
particles  in  the  reaction  gas  does  not  depend  on  the  concentration  of 
decomposing  hydrocarbon.  At  a  constant  temperature,  an  increase  in 
hydrocarbon  concentration  leads  only  to  an  increase  in  the  size  of  the 
formed  particles.  An  analogous  phenomenon  was  observed  in  experiments 
with  a  benzene-nitrogen  mixture  [73,  and  also  in  experiments  on  the 
decomposition  of  toluene  in  complete-combustion  gases.  In  experiments 
w:!  ;h  benzene  the  growth  in  particle  yield  ended  at  a  benzene 
concentration  of  1.3/6,  while  in  experiments  with  toluene  the  value  was 
l.)%.  It  is  possible  to  assume  that  during  the  decomposition  of  highly 
a;  omatlzed  hydrocarbons  the  cessation  of  particle  growth  sets  in  also 
a  a  concentration  no  higher  than  1.9/6*  In  connection  with  this,  a 
change  in  the  concentration  of  hydrocarbon  in  an  Industrial  reactor, 
which  comprises,  as  a  rule,  no  less  than  2.5% >  will  not  affect  the 
yield  of  particles  in  a  unit  of  reaction  volume,  but  will  only  lead  to 
a  change  in  the  sizes  of  the  growing  particles.  This  is  explained  by 
tVie  concurrent  nature  of  the  processes  of  particle  formation  and  growth 
and  also  by  the  acceleration  of  the  process  of  seizure  of  new  radical- 
nuclei  by  the  rapidly  increasing  surface  of  forming  and  giowing 
particles.  _  -  — ' 

Study  of  the  change  in  reaction'  gas  composition  with  time  shows 
tSiat  over  the  course  of  the  process  there  is  interaction  of  water  vapor 
and  CO 2  with  the  dispersed  carbon  which  is  being  formed.  A  growth  in 
the  concentrations  of  hydrogen  and  carbon  monoxide  is  observed. 
Calculation  shows  (see  Table  2)  that  the  components  of  the  reaction  of 
water  gas  are  found  in  equilibrium  in  any  segment  of  time.  This  result 
corresponds  to  assumptions  expressed  earlier  [12]. 

Conclusions 

The  process  of  formation  of  carbon  black  particles  in  an  industrial 
reactor  can  be  described  by  the  equation  of  N.  N.  Semenov  for  branched 
chain  processes  with  quadratic  breaks  in  the  chain.  The  specific 
surface  of  the  carbon  black  can  be  determined  by  theoretical  Cxalculatlon 
according  to  the  technological  parameters  of  its  manufacture. 


ilT-.’  3-  )  jO-fr) 
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The  heatup  and  evaporation  of  hydrocarbon  raw  material,  and.  also 
the  formation  and  growth  of  carbon  blaclc  particles,  occupy  about 
(2~3)*iO  s  in  an  industrial  reactor- with  gases  moving  at  a  speed  on 
the  order  of  300-^00  m/a  in  the  zone  in  which  they  are  mixed  with:  the 
hydrocarbons. 

Atomization  of  the  hydrocarbon  raw  material  by  high-temperature 
gases  from  the  complete  combustion  of  the  fuel,  at  a  high  relative  rate 
of  motion  ensures  that  the  raw  material  will  be  heated  at  a  high  rate. 

In  this  process  the  magnitude  of  specific  surface  of  the  carbon  black 
depends  on  temperature  and  on  the  concentration  of  hydrocarbons  in  the 
reaction  gas. 

The  temperature  of  the  gases  in  the  reaction  channel  of  an 
industrial  reactor  Is  not  constant  along  its  length.  This  temperature 
grows  rapidly  in  the  initial  zone,  due  to  the  flowing  of  exothermic 
reactions;  it  achieves  the  maximum  at  the  moment  of  total  consumption 
of  oxygen  and  then  is  reduced  due  to  exothermic  reactions  of  gasification 
and  to  heat  losses  into  the  environment . 


The  composition  of  water  gas  varies  over  the  length  of  the  reaction 
zone,  but  at  any  moment  of  time  the  water  gas  reaction  is  in  equilibrium, 
corresponding  to  the  temperature  of  the  reaction  products. 
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ABSTRACT 


(U)  The  process  of  formation  of  carbon  black  particles  in  an 
Industrial  reactor  can  be  described  by  the  equation  of  N,  N, 

Semenov  for  branched  chain  processes  with  quadratic  breaks  in 
the  chain.  The  specific  surface  of  the  carbon  black  can  be 
determined  by  theoretical  calculation  according  to  the  tech¬ 
nological  parameters  of  its  manufacture.  The  heatup  and 
evaporation  of  hydrocarbon  raw  material,  and  also  the  forma¬ 
tion  and  growth  of  carbon  black  particles,  occupy  about  (2-3)  times 
40(minus  superscript  3)s  in  an  Industrial  reactor  with  gases 
moving  at  a  speed  on  the  order  of  300-^100  m/s  in  the  zone  in 
which  they  are  mixed  with  the  hydrocarbons.  Atomization  of  the 
hydrocarbon  raw  material  by  high- temperature  gases  from  the 
complete  combustion  of  the  fuel  at  a  high  relative  rate  of 
motion  ensures  that  the  raw  material  will  be  heated  at  a  high 
rate.  In  this  process  the  magnitude  of  specific  surface  of 
the  carbon  black  depends  on  temperature  and  on  the  concentra¬ 
tion  of  hydrocarbons  in  the  reaction  gas.  The  temperature  of 
the  gases  in  the  reaction  channel  of  an  industrial  reactor  is 
not  constant  along  its  length.  This  temperature  grows  rapidly 
in  the  initial  zone,  due  to  the  flowing  of  exothermic  reactions; 
it  achieves  the  maximum  at  the  moment  of  total  consumation  of 
oxygen  and  then  is  reduced  due  to  exothermic  reactions. _ 
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